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1. 

METHOD OF FORMINGA 
SEMCONDUCTOR PACKAGE AND 

STRUCTURE THEREOF 

BACKGROUND OF THE INVENTION 

The present invention relates generally to semiconductor 
device packages, and more particularly to radio frequency 
shielded semiconductor device packages. 

Semiconductor device packages or integrated circuit chip 
carriers are used in many high-density electronics applica 
tions. The integrated circuits or semiconductor devices are 
protected from the external environment by encapsulation 
with an epoxy material or transfer molding a thermoplastic 
resin about the device. However, the plastic encapsulant does 
not provide shielding from radiation, Such as radio frequency 
interference (RFI) or electromagnetic interference (EMI). 
As circuits become Smaller, denser, and operate at higher 

frequencies and in harsher environments, there is a growing 
need to shield the circuits from radiation, such as radio fre 
quency interference (RFI) and electromagnetic interference 
(EMI). For example, cell phones and other mobile devices 
need to be protected from Such radiation. Automotive circuits, 
Such as microcontrollers that are mounted near the spark 
plugs also need to be shielded. Conventional packages do not 
protect the semiconductor devices within them from such 
electromagnetic waves. 

Conventional shielding systems use a conductive metallic 
enclosure that surrounds the circuit to be shielded. The enclo 
sure protects the internal circuit from EMI and RFI and pre 
vents the escape of RFI or EMI signals generated by the 
circuit. Another solution is to place a metal cap over a semi 
conductor device prior to molding the package. This solution 
is applicable to ball grid array (BGA) packages that have a 
large semiconductor die (i.e., at least one inch squared). Yet 
another solution is to provide a metal coating over the encap 
sulated device. However, all of these solutions have some 
drawbacks. For instance, using a conductive metal enclosure 
adds to the overall size of the package and requires an addi 
tional soldering step to attach the metal shield to the device, 
with the heat generated by the additional soldering process 
potentially harming the device. 

Therefore, a need exists for cost-effective, component level 
shielding that can be used in a variety of packages with any 
semiconductor die size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following detailed description of a preferred embodi 
ment of the invention will be better understood when read in 
conjunction with the appended drawings. The present inven 
tion is illustrated by way of example and not limited by the 
accompanying figures, in which like references indicate simi 
lar elements. 

FIG. 1 is an enlarged cross-sectional view of a plurality of 
devices prior to singulation in accordance with an embodi 
ment of the present invention; 

FIG. 2 is an enlarged cross-sectional view of a plurality of 
devices prior to singulation in accordance with another 
embodiment of the present invention; 

FIG. 3 is a top plan view of a mask used in the packaging 
process of an embodiment of the present invention; and 

FIG. 4 is a flow chart illustrating a method of forming a 
semiconductor package in accordance with the present inven 
tion. 

Those of skill in the art will appreciate that elements in the 
figures are illustrated for simplicity and clarity and have not 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
necessarily been drawn to Scale. For example, the dimensions 
of some of the elements in the figures may be exaggerated 
relative to other elements to help improve the understanding 
of the embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The detailed description set forth below in connection with 
the appended drawings is intended as a description of the 
presently preferred embodiments of the invention, and is not 
intended to represent the only form in which the present 
invention may be practiced. It is to be understood that the 
same or equivalent functions may be accomplished by differ 
ent embodiments that are intended to be encompassed within 
the spirit and scope of the invention. 
The present invention is a semiconductor package having a 

leadframe including a flag and a lead finger, a semiconductor 
die attached to the flag and electrically coupled to the lead 
finger, an encapsulant over the semiconductor die, a conduc 
tive layer over the encapsulant, and a wire electrically cou 
pling the leadframe to the conductive layer. The conductive 
layer comprises a combination of a shielding metal and a 
conductive glue. Combining the conductive glue with the 
shielding metal prevents peeling of the conductive layer from 
the mold encapsulant. 
The present invention also provides a method of forming a 

semiconductor package, including the steps of: 
providing a leadframe having a flag and a plurality of lead 

fingers: 
attaching a semiconductor die to the flag: 
electrically coupling the semiconductor die to the lead 

fingers: 
forming a wire loop that is electrically connected to the 

leadframe; 
encapsulating the semiconductor die and at least a portion 

of the wire loop with an encapsulant; and 
forming a conductive layer over the encapsulant, wherein 

the conductive layer comprises a combination of a shielding 
metal and a conductive glue, and the wire loop contacts the 
conductive layer, thereby electrically coupling the leadframe 
to the conductive layer. 
The present invention further provides a method of form 

ing a semiconductor package comprising the steps of 
providing a leadframe panel having first and second lead 

frames, each of the first and second leadframes including a 
flag and a plurality of lead fingers; 

attaching first and second semiconductor dies respectively 
to the flags of the first and second leadframes; 

electrically coupling the first and second semiconductor 
dies respectively to the fingers of the first and second lead 
frames; 

providing a wire bond having a first end and a second end; 
electrically coupling the first end of the wire bond to a lead 

finger of the first leadframe and the second end of the wire 
bond to a lead finger of the second leadframe; 

forming an encapsulant over the first and second semicon 
ductor dies and the wire bond, wherein a portion of the wire 
bond is exposed; 

forming a conductive layer over the encapsulant and the 
wire bond, wherein the conductive layer is electrically 
coupled to the exposed portion of the wire bond and wherein 
the conductive layer comprises a combination of a shielding 
metal and a conductive glue; and 

singulating the leadframe panel to form first and second 
packaged devices. 

Referring now to FIG. 1, a portion of a leadframe panel 10 
that includes a first device portion 12, a second device portion 
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14, and a third device portion 16. The leadframe panel 10 can 
include leadframes for any semiconductor package, such as a 
quad-flat no-lead (QFN) package, which is also referred to as 
a micro-leadframe package (MLF) and bump chip carrier 
(BCC); a ball grid array (BGA) package; quad flat package 
(QFP); or any other package that can be formed using a 
molding process or is formed by singulation, as will be 
explained in more detail below. The leadframe panel 10 can 
be any conductive material Such as an alloy including nickel 
and iron; nickel palladium; or the like. The leadframe panel 
10 can be purchased as a patterned leadframe with bond pads 
and ground pads already formed in a desired pattern. 
Although only three device portions are illustrated in FIG. 1, 
many more device portions may exist. For example, the lead 
frame panel 10 may include any number of device portions. In 
the embodiment shown, each of the device portions has the 
same structure for simplicity of manufacturing; however, it is 
not necessary. 

Each of the first, second and third device portions 12, 14 
and 16 includes a flag 18 and a plurality of lead fingers 20 that 
surround the flag 18. The flag 18 is not limited to any particu 
lar shape. Instead, the flag 18 may be an open window within 
the leadframe panel 10, X-shaped, or the like. Furthermore, 
the flag 18 may be elevated or indented relative to other areas 
of the leadframe panel 10. 

If the leadframe panel 10 is not purchased with the desired 
formation of the lead fingers 20, the lead fingers 20 can be 
formed by patterning and etching, as is known in the art. The 
lead fingers 20 may include separate ground pads. Ground 
pads are lead fingers that are dedicated to be used to couple an 
EMI shield, conductive layer or device to ground. A skilled 
artisan will recognize that the number of lead fingers 20 and 
their configuration is illustrative only. 

The flag 18 receives a semiconductor die or integrated 
circuit 22. More particularly, semiconductor dies 22 are cut 
from a semiconductor wafer and placed on each of the flags 
18 using a pick and place tool, as known in the industry. Each 
die 22 is attached to one of the respective flags 18 with an 
adhesive, as is known in the art. In one embodiment, one 
semiconductor die is placed on each flag. In another embodi 
ment, more than one semiconductor die is placed over a flag. 
For example, a semiconductor die can be placed adjacent 
another semiconductor die on the same flag or can be stacked 
over another semiconductor die placed on the same flag. 
Thus, a plurality of die can be placed on a flag within the same 
plane or stacked relative to each other. In the embodiment 
shown in FIG. 1, a second die 24 is attached on top of the 
semiconductor die 22. The second die 24 may be another 
semiconductor die having an integrated circuit or a microme 
chanical component, such as a Micro-Electro-Mechanical 
Systems (MEMS), which is an integration of mechanical 
elements, sensors, actuators, and electronics on a common 
silicon Substrate. The second die 24 may be the same size as 
the first die 22, but this is not required, as it is known in the art 
to stack larger and Smaller die on a bottom die. The second die 
24 may be spaced from the first die 22 in various ways, such 
as with a spacer 25, as is known in the art. 

Each die 22 is electrically coupled to the lead fingers 20. In 
the present example, the die 22 includes a plurality of bonding 
pads (not shown) that are connected to the lead fingers 20 with 
first wires 26. The first wires 26 are formed of a conductive 
material. Such as aluminum or gold. In one embodiment, the 
diameter of each wire 26 is approximately /1,000-/2,000 of an 
inch in diameter. Typically, the first wires 26 are wire bonded 
to the lead fingers 20 with a ball bond and the die bonding 
pads with a stitch bond using commercially available wireb 
onding equipment. However, other connections are possible, 
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4 
Such as flip-chip bumps, and the present invention is not to be 
limited by the way the die 22 is coupled with the lead fingers 
20. 
The second die 24 is also connected to at least one of the 

first die 22 and the lead fingers 20 by second wires 28. The 
second wires 28 preferably are the same size and formed of 
the same conductive material as the first wires 26. If the 
semiconductor dies 22-24 are electrically coupled together by 
wire bonds to the lead fingers 20, then the ground pads of 
adjacent device portions may also be electrically coupled 
together during the same wire bonding process. In one 
embodiment, coupling is performed by wire bonding the 
ground pads to each other using wire bonds that are the same 
as those that used to wire bond a semiconductor die to a bond 
pad, as described above. However, a separate wire bonding 
process may be used for coupling the ground pads and the 
bond pads if the wires differ, for example, in diameter. 
An additional wire 30 is wire bonded to the second (top) die 

24. The additional wire preferably is electrically coupled to a 
ground pad of the second die 24, and via wires 28 and 26, to 
a ground pad of the lead frame. The additional wire 30 has a 
relatively high loop height so that the wire 30 will extend 
beyond an encapsulant, as described in more detail below. In 
the embodiment illustrated in FIG. 1, the additional wire 30 
extends upwardly from the second die 24. If the device being 
formed has only a single die. Such as the die 22, then the 
additional wire 30 may extend upwardly from the die. Alter 
natively, the additional wire may extend from a ground pad of 
one device to a ground pad of an adjacent device. Since the 
additional wire 30 is thin, it may be liable to collapse or be 
destroyed during the Subsequent mold encapsulation process. 
By aligning the additional wires 30 in the direction that a 
mold encapsulant will flow during the Subsequent molding 
process the additional wires 30 are more likely to maintain 
their shape and not collapse. Instead, if the mold encapsulant 
flows at ninety (90) degrees to the additional wires 30, then 
the wires 30 are likely to collapse. To avoid the above-de 
scribed problem with thin wires and mold flow direction, 
thicker wires can be used. 

After the additional wire 30 is wirebonded to the second die 
24, a mold encapsulation process is performed to form a mold 
compound or mold encapsulant 32 over the first and second 
dies 22, 24, and the wires 24, 26, 28 and 30. The mold 
encapsulant 32 may be a silica-filled resin, a ceramic, a 
halide-free material, the like, or combinations of the above. 
The mold encapsulant 32 is typically applied using a liquid, 
which is then heated to form a solid by curing in a UV or 
ambient atmosphere. The encapsulant 32 can also be a solid 
that is heated to form a liquid and then cooled to form a solid 
mold over the dies 22 and 24. Any other encapsulant process 
may be used. The additional wire 30 extends beyond the 
encapsulant 32 and is exposed. After forming the encapsulant 
32 over the dies 22 and 24, a de-flash or clean is performed to 
expose the additional wire 30. Any conventional de-flash or 
clean can be used. The de-flash process may involve no pro 
cessing, a chemical process, a high-pressure water process or 
a mechanical process. 

After encapsulation, a conductive layer 34 is formed over 
the encapsulant 32 and the exposed portion of the wire 30. 
The conductive layer 34 comprises a combination of a shield 
ing metal layer 36 and a conductive glue layer 38. The con 
ductive glue layer 38 may comprise epoxy. The shielding 
metal layer 36 can be a polymer, metal, metal alloy (such as a 
ferromagnetic or ferroelectric material), ink, the like or com 
binations of the above. In one embodiment, the metal layer 36 
is an aluminum (Al), copper (Cu), nickel iron (NiFe), tin(Sn), 
Zinc (Zn), the like or combinations of the above. If the metal 
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metal is painted or printed over the first layer of glue using a 
mask or a stencil. Then, in step 86, another layer of conductive 
glue is formed over the first layer of glue and the stenciled 
layer of metal. Since the metal layer is not continuous, the first 
and second layers of glue mix together and firmly secure the 
metal layer over the encapsulant. In addition, the wire loop 
contacts the conductive layer so the conductive layer is elec 
trically coupled to the leadframe. If step 82 is not performed, 
then in step 84, a first layer of conductive glue is formed over 
the encapsulant using the mask or stencil and then the metal 
layer is formed over the stenciled glue layer. Then in step 84, 
a second layer of the conductive glue is formed over the first, 
stenciled layer and the metal layer. The second glue layer 
combines with the first glue layer and securely holds the metal 
layer to the encapsulant. If multiple packages are being simul 
taneously formed, then a singulation step 90 is performed to 
form separate packages. 

It should be appreciated that there has been provided a 
process for forming an EMI and/or electromagnetic shield at 
the component level. The process is desirable, especially for 
QFN's, because the processing can be performed without the 
need for additional processing equipment. Furthermore, this 
process is a cost effective way to prevent EMI and/or electro 
magnetic radiation at the component level. Using a wire to 
ground a conductive layer is especially useful for packages 
that are array molded (i.e., neither premolded nor molded 
individually), such as a QFN. Premolded packages, like 
ceramic leadless chip carriers (CLCC) that are manufactured 
using various ceramic layers, can prevent EMI by having atop 
metal cap grounded and soldered to the bottom ground plane 
by a via. In QFN or other packages that have lead frames 
exposed on a first side and multiple array packaging (MAP) 
molded on a second side, molding compound covers the 
entire second side. Since the individual devices in the MAP 
molded lead frame are placed close to each other, individual 
caps could not be placed for each device and held in place 
during the molding process. Increasing the distance between 
adjacent devices and using individual caps before molding 
can be very expensive in addition to other technical chal 
lenges. Placing and holding the individual caps can be diffi 
cult and can obstruct the molding process itself. Due to the 
process flow of non-premolded packages a metal cap cannot 
be used. Moreover, the process used for putting vias in CLCC 
is different from that of the molding process used to form 
QFN, BGA, etc. type packages. For example, to form vias in 
a QFN type package, the vias would have to be formed in the 
mold encapsulant, which can increase manufacturing costs 
and complexity. 
The apparatus implementing the present invention is, for 

the most part, composed of electronic components and cir 
cuits known to those skilled in the art. Therefore, circuit 
details are not explained to any greater extent than that con 
sidered necessary for the understanding and appreciation of 
the underlying concepts of the present invention and in order 
not to obfuscate or distract from the teachings of the present 
invention. 

In the foregoing specification, the invention has been 
described with reference to specific embodiments. However, 
one of ordinary skill in the art will appreciate that various 
modifications and changes can be made without departing 
from the scope of the present invention as set forth in the 
claims below. Accordingly, the specification and figures are to 
be regarded in an illustrative rather than a restrictive sense, 
and all such modifications are intended to be included within 
the scope of the present invention. 

Benefits, other advantages, and Solutions to problems have 
been described above with regard to specific embodiments. 
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8 
However, the benefits, advantages, solutions to problems, and 
any element(s) that may cause any benefit, advantage, or 
Solution to occur or become more pronounced are not to be 
construed as a critical, required, or essential feature or ele 
ment of any or all the claims. As used herein, the terms 
“comprises.” “comprising.” or any other variation thereof, are 
intended to cover a non-exclusive inclusion, Such that a pro 
cess, method, article, or apparatus that comprises a list of 
elements does not include only those elements but may 
include other elements not expressly listed or inherent to such 
process, method, article, or apparatus. The terms 'a' or “an'. 
as used herein, are defined as one or more than one. The term 
“plurality”, as used herein, is defined as two or more than two. 
The term “another, as used herein, is defined as at least a 
second or more. The term “coupled, as used herein, is 
defined as connected, although not necessarily directly, and 
not necessarily mechanically. Moreover, the terms “front”. 
“back”, “top”, “bottom”, “over”, “under” and the like in the 
description and in the claims, if any, are used for descriptive 
purposes and not necessarily for describing permanent rela 
tive positions. It is understood that the terms so used are 
interchangeable under appropriate circumstances such that 
the embodiments of the invention described herein are, for 
example, capable of operation in other orientations than those 
illustrated or otherwise described herein. 
The invention claimed is: 
1. A semiconductor package comprising: 
a leadframe having a flag and a lead finger; 
a semiconductor die attached to the flag and electrically 

coupled to the lead finger, 
an encapsulant that covers the semiconductor die and at 

least a portion of the leadframe; 
a conductive layerformed over at least a portion of an outer 

Surface of the encapsulant for providing at least one of 
electromagnetic and radio frequency shielding, wherein 
the conductive layer comprises a combination of a 
shielding metal layer and a conductive glue layer, and 
wherein an entire inner surface of the conductive layer is 
in contact with the outer Surface of the encapsulant; and 

a wire electrically coupling the leadframe to the conductive 
layer. 

2. The semiconductor package of claim 1, wherein the 
conductive layer comprises a first layer of conductive glue 
stenciled on first areas of a Surface of the encapsulant and the 
shielding metal stenciled on second areas of the Surface of the 
encapsulant, wherein the second areas Surround the first 
areas, and wherein the conductive glue layer covers the 
shielding metal and the first layer of conductive glue. 

3. The semiconductor package of claim 1, wherein the 
conductive layer comprises a first layer of conductive glue, a 
second, stenciled layer of shielding metal, and a third layer of 
conductive glue, wherein the first and third layers are in 
contact with each other at spaced locations. 

4. The semiconductor package of claim 1, wherein the wire 
is coupled to the leadframe by way of the semiconductor die 
and wire bonds. 

5. The semiconductor package of claim 1, wherein the 
shielding metal comprises a ferromagnetic material. 

6. The semiconductor package of claim 5, wherein the 
conductive ferromagnetic material comprises NiFe. 

7. The semiconductor package of claim 1, wherein the 
shielding metal comprises an element selected from the group 
consisting of aluminum, copper, tin and zinc. 

8. A method of forming a semiconductor package compris 
ing the steps of 

providing a leadframe having a flag and a plurality of lead 
fingers: 
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attaching a semiconductor die to the flag: 
electrically coupling the semiconductor die to the lead 

fingers: 
forming an additional wire loop that is electrically con 

nected to the leadframe; 
encapsulating the semiconductor die and at least a portion 

of the additional wire loop with an encapsulant, wherein 
another portion of the additional wire loop extends 
beyond the encapsulant and is exposed; and 

forming a conductive layer over at least a portion of an 
outer Surface of the encapsulant, wherein the conductive 
layer provides at least one of electromagnetic and radio 
frequency shielding, wherein the conductive layer com 
prises a combination of a shielding metal and a conduc 
tive glue, wherein an entire inner Surface of the conduc 
tive layer is in contact with the outer surface of the 
encapsulant, and the another portion of the additional 
wire loop contacts the conductive layer, thereby electri 
cally coupling the leadframe to the conductive layer. 

9. The method of forming a semiconductor package of 
claim 8, wherein the forming a conductive layer step com 
prises: 

forming a first layer comprising the shielding metal over 
the encapsulant, wherein the shielding metal is applied 
to the encapsulant through a stencil; and 

forming a second layer comprising the conductive glue 
over the encapsulant and the shielding metal, wherein 
the second layer is in contact with both the first layer and 
the encapsulant. 

10. The method of forming a semiconductor package of 
claim 8, wherein the forming a conductive layer step com 
prises: 

forming a first layer of the conductive glue over the encap 
Sulant; 

forming a second layer comprising the shielding metal over 
the first layer, wherein the shielding metal is applied to 
the first layer through a stencil; and 

forming a third layer comprising the conductive glue over 
the first and second layers, wherein the third layer con 
tacts and adheres to both the first and second layers. 

11. The method of forming a semiconductor package of 
claim 8, wherein the additional wire loop is coupled to the 
leadframe by way of the semiconductor die and wire bonds. 

12. The method of forming a semiconductor package of 
claim 8, wherein the shielding metal comprises a ferromag 
netic material. 

13. The method of forming a semiconductor package of 
claim 12, wherein the conductive ferromagnetic material 
comprises NiFe. 

14. The method of forming a semiconductor package of 
claim 8, wherein the shielding metal comprises an element 
selected from the group consisting of aluminum, copper, tin 
and zinc. 

15. A method of forming a semiconductor package com 
prising the steps of: 
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10 
providing a leadframe panel having first and second lead 

frames, each of the first and second leadframes including 
a flag and a plurality of lead fingers; 

attaching first and second semiconductor dies respectively 
to the flags of the first and second leadframes; 

electrically coupling the first and second semiconductor 
dies respectively to the fingers of the first and second 
leadframes; 

providing a wire bond having a first end and a second end; 
electrically coupling the first end of the wire bond to a lead 

finger of the first leadframe and the second end of the 
wire bond to a lead finger of the second leadframe; 

forming an encapsulant over the first and second semicon 
ductor dies and the wire bond, wherein a portion of the 
wire bond extends beyond the encapsulant such that said 
portion of the wire bond is exposed; 

forming a conductive layer over at least a portion of an 
outer Surface of the encapsulant and the wire bond, 
wherein the conductive layer provides at least one of 
electromagnetic and radio frequency shielding, wherein 
the conductive layer is electrically coupled to the 
exposed portion of the wire bond, wherein an entire 
inner surface of the conductive layer is in contact with 
the encapsulant, and wherein the conductive layer com 
prises a combination of a shielding metal and a conduc 
tive glue; and 

singulating the leadframe panel to form first and second 
packaged devices. 

16. The method of forming a semiconductor package of 
claim 15, wherein the encapsulant forming step comprises: 

forming the encapsulant over the first and second semicon 
ductor dies and the wire bond; and 

exposing a portion of the wire bond by removing a portion 
of the encapsulant. 

17. The method of forming a semiconductor package of 
claim 15, wherein the forming a conductive layer step com 
prises: 

forming a first layer comprising the shielding metal over 
the encapsulant, wherein the shielding metal is applied 
to the encapsulant through a stencil; and 

forming a second layer comprising the conductive glue 
over the encapsulant and the shielding metal, wherein 
the second layer is in contact with both the first layer and 
the encapsulant. 

18. The method of forming a semiconductor package of 
claim 15, wherein the forming a conductive layer step com 
prises: 

forming a first layer of the conductive glue over the encap 
Sulant; 

forming a second layer comprising the shielding metal over 
the first layer, wherein the shielding metal is applied to 
the first layer through a stencil; and 

forming a third layer comprising the conductive glue over 
first and second layers, wherein the third layer contacts 
and adheres to both the first and second layers. 

19. The method of forming a semiconductor package of 
claim 15, wherein the shielding metal comprises a ferromag 
netic material. 


